Mr. John B. Hunter: For many years the branch of congenital heart disease associatedl with a patent ductus arteriosus has been the subject of much discuLssion. 1\lany of these discussions have been academic and have been associated with explanations to account for the closure of the ductus, none of which is really satisfactory.
Barclay, Bancroft and others from the experimental side, using radiological methods in sheep feetuses, have demonstrated that blood ceases to flow through the ductus within a few minutes of birth; but this does not necessarily mean that the ductus is completelv occluded as rapidly as would appear from the radiological findings. The ductus is a thick muscular tube at this time and it is possible that -with the filling of the whole pulmonarv system with the first breath, the flow of blood through the ductus ceases and that vessel, as is common with all vessels denttded of blood in their interior, immediatelv contracts, and after its occlusion, fibrosis takes place producing the ligamentum arteriosus. This may be over-simplification of the problem but it is one to which I will refer later in connexion with the persistent patent ductus and the flow of blood in it.
The prohlems associated with a patent ductus arteriosus have had fresh light thrown on them by the intervention of the surgeon in this field, and to some extent theoretical views have been replaced and in the coirse of time most of the problems will be solved.
Ligation of the patent ductus arteriosus was first suggested by Munroe in 1907 and the first attempt was made by Gravbril and Strieder in 1938, but this was not successful. The first successful cases were reported by Gross in 1939 and his approach is now generally uised with modifications in the tecbnique. All authorities agree that the patent ductus carries a definite morbidity but it is extremely difficult to assess, and, further, it has not been possible to say accurately to what extent it shortens life, but that patients with a patent ductus do not attain old age is generallv agreecl, although Gilchrist has reported a case of spontaneous closure in a child.
The chief danger is infection cauising a subacuite endocarditis which is fatal, but it is to be remembered that these patients, apart from the infective danger, have to live the restricted life associated with a cardiac lesion. The diagnosis of the condition is not always an easy one, and this is not the place to enter into such a discussion, it being in the realm of the cardiologist. There are, however, some cardinal points in the uncomplicated case that may be mentioned. The patients usually are known to have had a cardiac lesion from childhood. They are usually small in size and they mav complain of shortness of breath, hut usually as they have had the lesion all their life, they are not conscious of this disability. On examination they hitve no finger clubbing and usually no cyanosis. Palpation over the pericardium may or nay not reveal a turbulent heart action, and a thrill over the upper part of the left chest, its maximum about the second interspace. Auscultation reveals the characteristic muLrmur suggesting a heavy machine shop and known as the "machinery murmur"; its essential feature, originally described by Gibson, is its continuous quality.
An X-ray of the chest usutally reveals certain characteristic features, tlle pulmonary artery is enlarged so that a bulge can be seen below the aortic knuckle and there is usually some enlargement of the heart. The vascular shadows in the lungs are very obvious and in some cases markedly so.
My experience has been chiefly with uninfected cases, only two ouLt of fifteen case" suLffered from bacterial endocarditis.
In consultation with Dr. East, who has seen all thc cases with me, a decision has been made as to whether operation should be undertaken or not. We have decided that the mechanical defect, together with the risk to life, is sufficient to warrant surgical intervention, in the uncomplicated case, with the exception of the very young; the parents of these children being told to bring the child up at a later date with a view to operation.
In the majority of cases a search for septic foci is made; usually, owing to the cardiac condition patients have not had their tonsils and adenoids removed and, where necessary, this is now a routine, the operation being performed under prophylactic doses of the sulpha drugs. Breathing exercises are instituted as soon. as the l)atients come into hospital and are continued throughout their stay. The of the aorta and the pulmonary artery, but by gentle dissection a space is determined and the ductus defined. The posterior surface has now to be freed and it is here that the ductus may be torn; great care, therefore, has to be taken to separate it from the bronchus. The ductus itself when defined is very short and runs more antero-posteriorly than one expects. It can be elongated by gentle traction with a finger on the pulmonary artery while the ligatures-are being passed. My custom is to use No. 8 silk and to tie two ligatures, and care should be taken not to damage the recurrent nerve with the ligatures.
The mediastinal pleura is then sutured and the lung expanded by positive pressure. The cut surfaces of the costal cartilage are approximated with a catgut suture, after which the intercostal space is closed. Care should be taken in the closure of the rest of the wound as it tends to heal with an unsightly scar, but since the use of the curved skin incision this is not noticeable. During that period of the operation before tying the ductus the operator is conscious of a thrill, in some cases it is so marked as to be transmitted to the dissecting instruments. This thrill is easily stopped by a finger on the ductus, and it is remarkable what slight pressure is necessary to obliterate the channel; it does not give the impression that one is dealing with arterial pressure. The wall of the ductus itself varies very considerably in thickness. In the majority of cases it is very thin, and in two instances I have been able to see blood moving in the vessel. In both these cases I have had the impression that the flow was from the pulmonary artery to the aorta. This is against all the views previously expressed, but those views have been largely theoretical. It has always been assumed that the flow was from the aorta to the pulmonary artery on the grounds that the pressure in the aorta was more than in the pulmonary artery and also that the enlargement of the heart suggested an extra load in the pulmonary side, this is further strengthened by the increased pulmonary vessel shadows as seen by X-rays. It has been estimated that the flow through the ductus is very large, up to 50% or more of the left ventricular output. It is remarkable that this extra work does not result in more serious signs of myocardial insufficiency, and when the increase in blood-pressure and the great increase in size of the heart that occurs with an arteriovenous fistula of similar size caused by injury is considered, one must ask if there is not some factor present in the congenital case that has not yet been explained.
I believe that the greater part of the flow is from the pulmonary artery to the aorta. It is a little difficult to understand why when the foetal circulation ceases the bloodstream should suddenly reverse, and I think the chief factor is to be looked for in the position of the ductus in relation to the aorta; the opening is placed at the extreme point of the concavity and the high pressure current of blood in the aorta sweeps to the convexity, thus leaving an eddy at the opening of the ductus; further, the blood sweeping past the opening acts like a Sprengel's pump. It might be claimed that an artery helps to maintain its lumen full by contracture and this is undoubtedly so, but at this point the aortic wall has a defect, the ductus opening, and, further, the wall is anchored, again by the ductus, so that contraction at this point is not so complete as it is elsewhere in the vessel.
Further evidence of this view is to be found in the remarkable change that takes place after tying the ductus in infected cases.
Here shortly after ligation the number of colonies of organisms that can be grown from the peripheral stream is reduced in a most dramatic manner. This can be explained by-the fact that the infected blood passing over the vegetations in the pulmonary artery passed before ligation directly into the arterial circulation but after ligation passes into the pulmonary capillary bed where the organisms are presumably destroyed. I have attempted to explain some of the problems presented to us, but both views may be right: it is possible that with the heart acting quietly and the patient at rest, the flow may be from the pulmonary artery to the aorta, then with activity and the heart more vigorously engaged, the pressure in the aorta rises, thus forcing the blood back through the ductus. Such an explanation would account for the slight enlargement of the heart, and the increase in the pulmonary vessel shadows.
On the surgical side, it has been reported from time to time that the murmur has returned after operation; this would suggest the ductus has opened again after being tied: Two experiences of my own can be given in this connextpn. In the first the case was an adult with gross infection who eventually died, the 'murmur having returned about a week after operation. At post-mortem the ligatures were in situ but a thin probe could be passed along the ductus. In this case I think the ductus itself was full of vegetations and that when the ligatures were tied the lumen was occluded, but liquefaction of the vegetations took place, allowing a small channel to appear. The The difficulties to be encountered during the operation are:-the problems in connexion with exposure, local bleeding of a slight character but sufficient to obscure the field and make the procedure tedious, puncture of the pericardial extension along the ductus with a small constant stream of pericardial fluid, the presence of glands in the arch of the aorta which are sometimes difficult to clear from the ductus, and the most serious, the tearing of the ductus either while it is being defined or due to the ligature material cutting through it. In one of my cases I think the ductus was torn, but fortunately after I had the ligatures round it and was able to secure it.
The complications after operation are on the thoracic side, that is, the patient may get a little fltuid or air or both in the pleural cavity. In no case has there been cause for anxiety during convalescence, and by expanding the lung with positive pressure to reduce the air in the cavity there should be no dangers from this side. In an uncomplicated case there should be no blood in the pleural cavity.
The usual convalescence is quiet in children; thev are wvell after twenty-four hours, and it is probably only conservatism that confines them to bed for a week or ten days. One case I must mention, as this is a blot on the series of uncomplicated cases. The child had her ductus ligatured and was getting up when on the tenth day she developed a temperature, a blood culture showed an infection with Staphylococcuts auireucs; therc were no mediastinal or chest signs. Penicillin was not readily obtainable at that time and she was transferred to the experimental penicillin unit at the Middlesex Hospital. After a course of penicillin her temperature fell only to rise again in a few days and on this occasion the staphylococcus was found to be penicillin-rcsistant, and the patient eventually died. I think in this case the operation was undertaken too soon after the child's adenoids were removed, a period of twenty-one days.
I have only operated on two infected cases, both of whom died subsequently. I did not find the operation any more difficult because of the infection. In one case, however, the patient had convulsions during the operation and it is possible that these were due to multiple emboli displaced by manipulation; this was the same case in which the murmur returned after ligation.
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Fifteeni patients in all have been operated on, two infected-both female neither of whom recovered, and 13 non-infected, 9 females and 4 males; these made an uninterrupted recovery with the exception of one female whose case is detailed above, who died of infective endocarditis.
The follow-up shows that both the adults and children are more robuLst and in better general health than before. It would be fair to say that thev were unaware until after the ligation of the ductus what limitations had been imposed on them because of their disability. We shall not for many years know the ultimate fate of these patients; we can only say that by ligating the ductus we have reduced their chances of getting a bacterial endocarditis.
Mr. 0. S. Tubbs said that NMr. Hunter's series of cases exemplified the much better results obtainable by treating these patients before complications had arisen. In his own 18 cases treated surgically, infection had been present in 12, early heart failure in 3, retarded development in 2, and absence of secondary effects in only 1. The results of treatment in the infected cases compared unfavourably with the uninfected series presentecl by Mr. Hunter.
He thought that Mr. Hunter's novel suggestion that the blood flow in a patent duLctus during-post-natal life was from the pulmonary artery into the aorta could not be maintained although it provided a readv explanation for the surprising cure when infection was present. There appeared to be ample evidence in support of the classical view that the blood flow was from the aorta into the pulmonary artery, e.g. (1) in uncomplicated cases there was no cyanosis which would be present if venous blood were sucked into the aorta from the pulmonary artery; (2) the low diastolic pressure usually associated with patency of the ductus was readily explained by the classical view but very difficult to understand if the blood flow were in the reverse direction. He had in fact regarded the diastolic pressure as inversely proportionate to the calibre of the ductus; (3) pulmonary congestion due to the overloading of the pulmonary circulation from the aorta was often found several years before other signs of heart failure developed; (4) dilatation of the pulmonary artery, sometimes with actual aneurysm formation (an X-ray film depicting such an aneurysm was shown), was commonly present due to the raised pressure caulsed by the flow from the aorta; (5) the oxygen content of blood removed from the pulmonary artery at operation had been shown by Eppinger and Burwell (1940) to be abnormally high; (6) pulmonary infarction always preceded systemic embolism when subacute endarteritis had complicated the picture; and (7) the irrefuLtable evidence of cardio-angiographv whereby Steinberg et al. (1943) had shcwn that nlone of the relativelv concentrated dye in the pulmonary artery was seen to enter the aorta.
In reference to the symptoms of persistent patency of the ductus arteriosus, the speaker agreed that retarded development had been overstressed, for 20 out of 23 patients with a patent ductus whom he had seen during the last six years, were of average development. Shapiro and Keys (1943) had also noted that only 1 of their series of 23 had appeared underdeveloped.
Symptoms due to heart failure were uncommon before adult life and occurred more frequently where the calibre of the ductus was large, i.e. in cases with a very low diastolic pressure. Breathlessness and orthopm-ira often preceded other svmptoms of congestive failuLre owing to the overloading of the pulmonary circ:dlation. X-rav filmn of the chest of a girl of 15 xwith gross enlargement of the heart and congestion of the lung fields were shown and followed by similar pictures taken eight weeks after the operation in which the congestion of the lung fields was no longer seen and the heart shadow had diminished considerably in size.
Bacterial infection, causing fever and, sooner or later, pleuritic pain, might arise at any time and without regard to the calibre of the ductus. It was, however, said to be rare before puberty and have its maximum incidence between 16 and 25, but 2 of his 12 infected cases were aged 9 and 10 respectively so that it was clear that too mtuchl reliance should not be placed on youthfulness as a protection against infection. The incidence of infection was difficult to determine as most of the available statistics were based on autopsy findings, but it was probably in the region of 30%O. Dental extraction had been the precipitating cause of the infection in two of his patients; it was therefore most unwise to consider dental extraction as a minor procedure in a patient with a patent ductus: if the removal of a tooth were essential it should always be accompanied by sulphonamide therapv.
He wished to emphasize that the work should only be done in co-operation with a cardiologist. Dr. Geoffrey Bourne had been his adviser in all cases. Maude Abbott (1936) had stated that the diastolic fraction of the characteristic murmur might be absent in children but he had never seen such a case, and Hubbard (1944) and Crafoord et al. (1944) stated that the absence of the diastolic fraction was incompatible with the diagnosis. It therefore seemed certain that no diastolic murmur meant no patency of the ductus. The accuracy with which the diagnosis could be made was shown by the fact that Shapiro and Keys (1943) found that only two errors had been made in 140 recorded cases submitted to operation. The only certain method of establishing the presence of complicating infection was by blood culture which should be done by the "shake method", but Gilchrist (1945) had pointed out that chest radiography might be of value in demonstrating pulmonary infarcts which only occur in the presence of infection.
The only certain method of establishing the presence of complicating infection was by blood culture which should be done by the "shake method," but Gilchrist (1945) had pointed out that chest radiography might be of value in demonstrating pulmonary infarcts which only occur in the presence of infection.
The indications for surgical closure of the ductus required careful consideration. Infection was undoubtedly an absolute and urgent indication for operation ais the prognosis in unoperated infected cases had been almost universally fatal in the past, whereas about 600%' (in his own series 7 out of 12) wrere cured of their infection by closure of the ductus. The severity of the infective process varied from case to case but all patients went progressively downhill so that, when infection had occurred, it was important that its presence should be recognized early and operation undertaken before the patient's general condition had deteriorated. The dogmatism with which one could recommend surgical treatment for cases suffering from superimposed infection had perhaps been slightly diminished by the introduction of penicillin in the treatment of other forms of penicillin-sensitive bacterial endocarditis, for a large proportion of such cases had their blood-stream sterilized and some were apparently cured by prolonged penicillin therapy. However, the results of closure of the ductus had been sufficiently good to make it unjustifiable to use penicillin alone until the drug had been shown to give equally good or better results in cases of valvular infection and this had not been done yet. The speaker had used penicillin on two patients-a boy of 9 in whom penicillin therapy had been started before admission and a girl of 15 who was gravely ill. The boy received a twenty-eight day course of 120,000 units a day which did not prevent his steady deterioration and he died on the table at subsequent operation. The girl also failed to respond after twelve days of treatment and surgery was undertaken as an emergency as a fatal outcome seemed imminent: this child survived operation and had remained free from her infection for six months although she was still seriously ill from a chronic serous pericardial effusion of unknown cause.
Symptoms or signs of cardiac failure were regarded as indications for operation. In addition, enlargement of the heart or a diastolic pressure below 60 were thought to foreshadow failure at a later date and were therefore grounds for surgical treatment. Retarded development in childhood was likewise an indication.
Finally the question arose as to whether the indications should be enlarged to include all cases. The speaker had felt that the wisest approach was to select those with more definite indications until the operation had been shown to carry a low operative risk but he thought that this had now been done and that Mr. Hunter's series confirmed this. He was therefore now of the opinion that all cases should be closed surgically at about the age of 7. If this were accepted, it was essential that the operation should be done only by those who had studied the problem thoroughly, otherwise there would be some terrible tragedies in apparently fit children.
Preparation for operation in the uncomplicated case was not thought necessary. If infection was present a sulphonamide was given for five days before operation in order to reduce the fever: if it failed to do so, penicillin might be tried for a similar period and with the same object.
An intravenous "drip" was started before operation in case of severe accidental haemorrhage but this was discontinued as soon as the operation was completed as the burden on the heart would be augmented by the infusion of fluids in the absence of blood loss.
An anterior approach through the second intercostal space had been used in the first 17 cases. In the last case (18) a postero-lateral thoracotomy through the fourth space had been employed in order to compare the two methods; in the speaker's view the latter method definitely gave wider exposure and much more room for manipulation and he proposed using it in all subsequent cases.
With regard to isolation of the ductus, it was important to recognize a finger-like process of serous pericardiuni which often overlapped the anterior part of the pulmonary end of the ductus: this process should not be -opened but should be stripped off the ductus towards the heart by blunt dissection: if opened, the constant leak of pericardial fluid obscured the field. Patience and gentleness were the passwords to success in the JAN.-SURG. 2 Proceedtngs of the Royal Society of Medicinie 6 rest of the process of isolation. Like Mr. Hunter, he felt that most reports X'ere too generous in estimating the length of the ductus and he had seen several autopsy specimens in which there was almost no length at all. He had met one such w-indlowtype" of ductus in a child of 9 an uninfected case-and, in the attempt to find a *vay round, considerable hamorrhage, probably from the back of the pulmonary arterv. had occurred. Fortunately the bleeding stopped spontaneously buit it was thought wvise to make no further efforts to complete the operation and the child was retuirnedl to the ward without the object of the operation being achieved. No ill-effects ensued.
The means whereby permanent closure of the ductus might be invariably obtained vas the most outstanding problem of all. Out of 12 patients who were now well following ligation 3 (2 infected cases and 1 with heart failure and a duct of the largest calibre he had yet seen) subsequentlv had a recurrence of a diastolic murmur which indicated a leak. In spite of complete relief from the symptoms and signs of failur_ in the one and the cuLre of the infection in the two infected cases it was begging the point to say that the diastolic murmur was of no consequence for these patients vere almost certainly still candidates for infection or reinfection. In view of Gross' (1944) report of 14 consecutive successful cases treated by division between clamps and a further 12 successfull divisions by Crafoord et al. (1944) , this ideal should become the aim in manv, if not all. cases.
Closure of the ductus always resulted in an immediate rise of diastolic pressuLre if this *vere abnormally low. Frequently the diastolic pressure rose further during the first twventy-four hours after operation without a corresponding rise in the systolic pressure so that the pulse pressure was decreased and the pulse felt "thin," but final adjustment to a normal figure usually followed before the patient left hospital.
The effect of successful ligation in infected cases was most dramatic for the fever immediately abated, although occasionally pulmonary emboli causing sudden transient fever occurred during the first two weeks. The blood became almost or completely sterile within a matter of minutes. The reason for these changes was not vet known.
In conclusion the speaker stated that the results might appear gloomy at first sight buLt he found encouragement in the fact that there had been no death amongst his uninfected cases and that 7 of the infected patients, who in the absence of operation
Would now be dead, were still alive.
